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[57] ABSTRACT 

In a method of handing off traf&c in a low orbit satellite 
communication system serving terminals, a terminal being 
connected to a tenestdal communication network by means 
of a connection station, handing off of the sateUite-terminal 
and satellite-connection station links is possible only within 
a particular area. The decision to hand off the traffic is based 
on deterioration of the quality of service and of the radio 
environment for a group of terminals of said area. The 
system for 'implementing this metiiod includes transmit/ 
receive tenninals and terrestrial connection stations. 
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METHOD OF HANDING OFFTRAFnC IN A 
LOW ORBIT SATELLITE 
COMNfONICATION SYSTEM SERVING 
TERMINALS AND CX)MMUNICATION 

SYSTEM USING A METHOD OF THIS KIND s 

BACKO^OUND OF THE INVENTION 

1. Field of the inventioo 

The InveDtion concerns a method of handing off traf&c in 
a low oibit satellite conummication system serving tenninals 
whidi may or may not be mofaUe and which are transmitter- 
xeceivers or receivers only, a terminal being connected to a 
terrestrial communication network by means of a connection 
station. 

The invention also concerns a communication system 
using a method of this kind. 

2. Description of the prior ait 

SatdHte-based communication with mobile terminals has 
until now used two types of oibit: geostationaiy satellite 20 
orbits and hig^y inclined elliptical orbits, both kinds being 
situated, on average, above areas known as the **Van Alien 
belts" diaractecized by a high concentration of particles. 
More recently lower orbits have been envisaged, llieir 
altitude is between 800 and 2,000 km. One feature of 25 
satellite communication systems using flicse orbits is the 
possibility of communicating with a large number of mobile 
terminals, p<Mtable terminals, for example. The difference 
between orbits at attitudes above the *'Van Allen belt" and 
those at lower altitudes is that the closer to the earth the 30 
satellite is located the lower is the attenuation. 

A COR report (document US IWP 8/14-52, 1 Aug. 1990) 
entitled 'Technical diaracteristics of a personal communi- 
cation mobile satellite system" describes a low orbit satellite 
communication system using multibeam antennas. The 
resulting constellation of satellites comprises 77 satellites to 
provide global coverage. It is made up of seven planes each 
of eleven satellites cadi in a circular polar orbit However, 
to maintain a call whtn a terminal leaves the coverage area 
of a first satellite, a system of this kind includes intersatellite ^ 
links. A solution of ^is kind requires demodulation on board 
die first satellite, routing of the information, transmission to 
a second satellite and relay to die connecdon station. This is 
very complex and costly. 

An object of the present invention is to minimize the cost 
of the space segment by using transparent satellites and 
eliminating all intersatellite links. 

SUMMARY OF THE INVENTION 

50 

In accordance with die present invention handing off of 
the satellite-terminal and satellite-connection station links is 
possible only within a paiticular area; the decision to hand 
off the trafSc being based on deterioration of the quality of 
service and of the radio environment for a group of terminals 
(tf said area. 

In a first variant the traffic , is banded off firom a first 
satdlite to a second satellite (14) having sufficient elevation 
over a particnUr area whidi is a satellite celL 

In a second variant the traflic is handed off from a first 60 
t)eam to a second beam of the same satellite. 

In a first embodiment the traffic is handed off from the first 
beam to the second beam progressively; all new calls being 
set up via the same satellite; the decision to hand the 
remainder of the traffic off to the second beam being based 6S 
on deterioration of the quality of service provided in the first 
beam and the radio environment of a group of terminals. 
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Id a second embcxiitncnt the traffic is handed off from the 
first beam to the second beam globally; the instruction to 
hand off firom the first beam to the second beam being sent 
to die connection station to all die terminals of the respectiv e 
area when all parami^ecs of die radio environment of said 
tenninals readi a particular limit 

Aparticulariy advantageous satellite communication sys^ 
tern employing die mediod of the invention uses two con- 
steUations WALKER (1 389 km, 47^ 24/08/3) and 
WALKER (1 389 km, 55^, 24708/3). A system of tiiis kind 
is a world coverage system which complements existing 
communication systems. It enables a great variety of ser- 
vices to be offered. However, its main feature is that it can 
adq>t to traffic and service situations differing from region to 
region. 

Market analysis has shown diat the main requirement for 
communication is regional, with niche markets of a worid- 
wide nature. The architecture of a system of dus kind is 
designed to adq>t to this situation. 

These applications concern closed networks and public 
nctw<^. The basic service is digital telephony widi all the 
ensuing data applications. Other services can also be pro- 
vided using die Dopplcr shift due to the movement of die 
satellite. These arc radio-navigation or radio-location ser- 
vices. There is also provision for using the radio-location 
service to carry out some base station assignment functions. 

The invention will now be described in more detail with 
reference to die qipended drawings. 

BRIEF DESCRffnON OF THE DRAWINGS 

FIG. 1 shows die traffic handing off mediod in a prior art 
satellite system. 

FIGS. 2 through 6 show die traffic handing off method in 
accordance with the invention. 

DETAILED DESCRIPnON OF THE 
INVENTION 

The satellite system or "oonsteUation" is a worldwide 
coverage system which ooniplements existing tenesttial 
communication systems. In this system a terminal^ vluch 
may be mobile or not and is a transmitter-receiver or a 
receiver only, is identified, located and linked by a sateUite 
of die constellation through a connection station to die fixed 
public network enabling the user to access all services of the 
public switched telephone network or the future ISDN. 

The radio frequency resources allocated to the set of 
terminals are divided into satellite cells which each represent 
an area of small radius as conq>ared with the satellite 
coverage area but of large radius as conq)ared with a 
terrestrial cell of an eardi cellular network of the **Groupe Sp 
cdal Mobiles" (GSM) type, for example. This cell is con- 
nected to a coimection station and the terminals which are 
within this geographical area are coimected to this station. 
The system must be aware in real time of all terminals that 
arc "active** (calls set up or being set up) and terminals ttiat 
are *^n standby**; apart from when it is communicating, a 
terminal is regarded as on standby or inactive. In this system 
die terminals dierefrxre belong to a satdlite ceU connected to 
a connection station whidi provides the connection to die 
eardi cellular network. 

In the "standby" mode the terminals receive a signal on a 
special frequency identifying the cell in whidi diey are 
located and enabling them to determine* the parameters 
assigned to diat cdl. Any new termiiial becoming active in 
this cell sends its identification code. The procedure for 
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updating the tenninal location database is identical to that 
used in the taiestdal mobile radio oommunication infra- 
stnicture. 

Conned with cdlular netwoiks, the satellite system 
does not require a laige number of exchanges of data s 
between die terminal location databases and the connection 
station. This is because of: 

The large coverage radius of the satellite celL 

The fact that in the satellite cell network the handing <^ 
of a tenninal from one cell to another is regarded as a lo 
veiy infrequent occunence. 

As £ai as a tenninal is concerned, the network access 
coordinates are the radio frequency resource data and a 
channel frequency band. As far as the connection station is 
concerned, in addition to tiie data specific to the terminal a 
satellite number is assigned in order to provide the link with 
the tenninals in the cell associated with the connection 
station. 

In a given cell the location and logging of teiminals and 
call processing are exactly the same as in the terrestrial 
cellular network. Where call processing is concerned, the ^ 
connection station processes an additional item of data 
comprising the number of the satellite having the best 
elevation for the cell in questioD. One of the connection 
stations includes additional equipment needed to track the 
satellites providing the radio coverage of the cell. These 23 
measurements transmitted to the ground control segment are 
used to calculate the ephemendes of the satdlltes and to 
deduce therefrx>m connection station antenna pointing 
tables. 

In a cell the connection of the terminal to the terrestrial 30 
network is therefore accomplished by means of a connection 
station. This station has the following functions: 
It manages a set of pre-assigned radio frequency resources 

and a set of ovofiow resources. 
It handles the setting up and clearing down of links with 35 
the terminals. 

It handles traffic for the satellite having the best elevation. 
This involves tracking the satellites and handing the 
traffic off from one satellite to another according to the 
respective elevation of each satellite. 4Q 

It provides die connection to a terrestrial central o£Sce. 

To implement these functions ttie connection station is 
made up of two sepamte entities: 

a radio communication unit comprising the antenna and 
radio frequency (RF) subsystems and a signal processor 45 
subsystem (modems, etc), 

a management and connection unit managing the radio 
frequency part of the station (management of allocation 
of radio frequency resources, preparation and execution 
of satellite handing off, etc) and the subsystem man- 50 
aging exchanges with the terrestrial transmission seg- 
ment 

Each connection station has diree antennas with their 
associated RF subsystem. Two station antennas track the 
satellites. The third antenna serves as a back-up for die other 55 
two. Each antenna has a tracking system programmable on 
die satellite ^emeiides. These pointing tables are supplied 
at regular intervals by the satellite control segment of die 
system. 

From a general point of view, and as compared widi a 60 
terrestrial cellular network, the system does not introduce 
any modifications into the overall architecture of the terres- 
trial network The special features are restricted to die 
connection station and consist in the choice of the satellite 
having the best elevation far the area in question and in 65 
management of the handing off of traffic from one satellite 
to anodier. 
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To minimize the cost of the space segment the satellites 
are transparent and diere are no intersatellite links. 

The result of these two choices is diat to maintain a call 
the mobile-satellite and satellite-connection station links are 
handed off from one satellite to anodier simultaneously. 
Because of this mode of operation: 
location logging (roaming) is based on die connection of 

a tenninal to the nearest connection station, 
there is a limiting distance below which the handing off of 
the sateUite-mobile and satellite-connection station 
links is possible. 
In estimating this distances allowances must also be made 
for 

an acceptable elevation in order to guarantee an adequate 
quality of service, 

the feasibility of the tenninal and the connection station 
acquiring the carrier and synchronizing the new chan- 
nel quiddy. 

To highlight the advantages of a solution of this kind 
FIGS. 1. 2 and 3 respectively show handing off requiring an 
intersatellite link and handing off in accordance widi the 
invention which does not require any such link. 

In FIG. lA die coverage area 10 of the first satcUite 11 
includes a connection station 12 and a terminal 13. 

In FIG. IB the satellite 11 has moved but the connection 
station 12 and the terminal 13 are still in its coverage area. 

In FIG. IC the coverage area 10 of the satellite 11 no 
longer includes die connection station 12. The terminal 
13-coimection station 12 link must then pass through a 
second satellite 14 whose coverage area 15 includes said 
station 12. 

In a first embodiment of the method of the invention the 
first two situations as shown in FIGS. 2A and 23 are die 
same. However, in FIG. 2C handing off from die first 
satellite (11) to die second satellite (14) has taken place. The 
terminal 13-connection station 12 link passes only via the 
second satellite 14. 

FIG. 3 shows a second embodiment of the method of the 
invention. In FIG. 3A the coverage area of the first beam 17 
includes a connection station 12 and a terminal 13. In FIG. 
3B the coverage area of the beam 17 no longer includes die 
connection station 12 and the terminal 13. The tennioal 
13-connectioa station 12 linkmust then pass via the beam 16 
of die same satellite 11 whose coverage area includes said 
station and said terminal. 

The feasibility of handing off depends on complying with 
a set of constraints concerning die setting up of a link with 
a new satellite or with a new beam. The synchronization 
time-delay, shift and carrier frequency must be kept within 
the performance limitations of the signal processor units. 
The relative position of the connection station and the 
visible satellites are known from the ephemerides widi 
sufficient accuracy. Only the position of the terminal relative 
to the connection station is unknown and therefore intro- 
duces a degree of uncertainty in respect of die elevation, 
synchronization, received carrier frequency. 

The remainder of the description considers the first 
embodiment by way of example. 

Consid^ the Doppler shift. At any given time a connec- 
tion station knows exactly the Doppler shift of the entering 
satellite and diat of the exiting satellite. This station can 
communicate to the terminal die Dopplo- shift that it sees at 
the time of handing off and that die terminal also sees subject 
to a small degree of uncertainty. In this case the tenninal is 
able to pre-correct its receive and transmit frequency at die 
time of handing off. The uncertainty in respect of die 
Doi^ler shift to be conpettsated is then reduced to that 
resulting from the uncertainty in respect of the position of 
the teiminaL 
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For a tenninal of a given cell connected to a groand 
station die radio frequency resonroes it is aUocated coi]^>ii5e 
a ttansmit/lreoeive interval number (combination of TDMA 
or CDMA access and beam hopping in which N coverage 
spots on the ground are illuminated successively and 
sequentially in groups of P spots dhosen firom the N spots) 
and a frequency channel band. 

Handing off is the diange from a given state (radio 
frequency resource allocation, connection station, satellite 
number) to a new state. Handing off can arise as a result of: 

an improved elevatiaQ of the satellite as seen from the 
fixed cell, 

intenvcffking of the tenninal with another connection 
station (movement of the terminal from one cell to 
anotiia), 

a more favorable satellite beam radio environment 
The decision to hand off depends on the availability of a 
satellite having a better elevation in the geographical area in 
which die terminals and the connection stations arc located. 

Handing off is based on the satellite ephemerides and the 
known radio enviionmait of the mobile. It must be as fast 
as possible so that it does not affect calls already set up. 

When handing off is effected a series of syndironization 
data is sent to r&«stablish a nonnal call The synchroniza- 
tion procedure is identical to that used in the terrestrial 
cellular networlc 

If resyncfaronizadon fails the terminal automatically 
returns to die radio frequency resources assigned to it before 
handing off and the operaticn is repeated. 

There are.two feasible execution scenarios: progressive or 
global handing off of trafiSc. 
If progressive handing off of traffic from one satellite to 
another is enq>loyod, when a satellite has sufficient 
elevation on a satellite cell all new calls are set up via 
the new satellite. Then, as the quality of service pro- 
vided by die iirst satellite deteriorates and the radio 
environment for a group of mobile terminals 
deteriorates, the decision is taken to hand tiiis traffic off 
to die new satellite. This procedure favors progressive 
transfer of traffic from one satellite to the other. The 
radio environment of the terminals must be monitored 
continuously (monitoring beacon to be provided or 
direct communication with die tfsrminals whidi then 
caziy out series of measurements), as must the quality 
of service provided. FIG. 4 shows a connection station 
20 widi three antennas 21, 22 and 23 and an associated 
satellite cell 24. TVo tenninals 25 and 26 are connected 
to tiie station 20 via a first satelUtB 28. As the quiOIty of 
service provided by the sateUite 28 deteriorates, die cell 
24 is progressively reduced in size (24* tiien 24"). Hie 
calling tenninal 27 is connected to the station 20 
directly via the second satellite 29. The decision to 
hand Uie tominals 25 and 26 off from fte first satellite 
(28) to die second satellite (29), as defined above, are 
taken later (arrows 30 and 31). 
If all of the traffic is handed off globally from one satellite 
to the other, when the new satellite has favorable 
elevation as seen from the fixed satellite cell and when 
aU parameters of the mobile radio environment reach a 
specified limit, the instruction to hand off from one 
satellite to the odier is sent from the connection station 
to all die terminals as shown by die arrow 32 in FIG. 
5. This global procedure affects all terminals in a given 
area. However, all die terminals must synchronize 
before continuing transmission and the allocations of 
radio resources to all the terminals must be taken into 
account instantaneously at the moment of handing off. 
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FIG. 6 esqilains preparation and execution of handing off. 
The satellite having the best elevation for a given tenes- 
trial area is selected from die e|fliemerides predictions for 
die constellation of satellites. This enables the connection 
s station to acquire and track the new satellite and to prepare 
for die allocation of radio frequency resources. 

The connection station decides to hand off and the instruc- 
tion to hand off is routed via die link control subsystem. 
Execution of handing off entails the perfectly synchronized 
10 execution by the connection station and the terminals of the 
following actions: 
for the mobile: a change of transmit and receive time; dus 
results in a translation . in time of the initial 
configuration, 

^ for die connection station: handing off traffic to another 
antenna, one pointing to die new satellite. 
Handing off uses die full range of GSM procedures 
widiout creating any new prooedur& In die system described 
here this procedure is governed by die connection station. . 
^ A particularly advantageous system utilizing the method 
described above comprises at least one satellite constellation 
which belongs to the group of prior art constellations known 
as Walker symmetrical constellations. (See die article by J. 
G. Walker entitled "Continuous whole earth coverage by 
25 drcular-orbit satellites" in "Satellite systems per mobile 
communications and surveillance". IEEE conference public 
cation 95, 1973). These constellations are symmetrical 
because the satellites are regulariy distributed in the same 
orbit and because of the distribution and equal inclination of 
^ the orbital planes in space. They have been chosen because 
they make it possible to minimize the number of satellites 
for a given coverage and are particularly efficient in covering 
a band of latitudes. A WALKER constellation is character- 
ized by five parameters: 
The altitude, in diis instance 1 389 km (for reasons of 

service life). 
The inclination. 

The set of three parameters T/P/F: 
40 T is the total number of satellites, 
P is die number of orbital planes, 
F is a phase parameter which indicates die relative 
positions of the satellites from one orbital plane to 
die next 

45 To optimize the coverage of inhabited areas, tiiat is to say 
areas between die equator and 65° latitude (North or Soutii), 
a WALKER (1 389 km. 52°, 48/8/1) consteUation is 
required. This constellation has die advantage of enabling 
optimum coverage of the area, especially from the point of 
^ view of elevation, but like all constellations widi a large 
number of satellites it has the drawback of requiring at least 
two years to set up. The system described here therefore uses 
two constellations which can be set up consecutively. 
The constellations chosen are: 
33 WALKER (1 389 km, 47% 24/08/03) which covers cor- 
recdy the CX)NUS and Soadiem Europe (typically to 
the latitude of LQle) but which has inqxntant coverage 
g^ below 30' latimde. 
WALKER (1 389 km 55\ 24/08/03) which covers die 
60 rest of the world and makes it possible to optimize 
coverage, especially elevation, in countries between 
latitudes 10* and 60*^. 
Note that the first constellation of 24 satellites includes 
areas in which die Tnim'Tnal elevation is below that required. 
65 These areas are mobile and at low latitudes. The time for 
\^ch no satellite is visible at any given point is relatively 
short For higher latitude areas die average elevation is 
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deaily hlglier and the coverage is free of g9ps. The defects 
are corrected by the launch of the second constellation. 

Of course, the present inventioa has been described and 
shown by way of preferred exan^e only and its component 
parts may be rqilaced by equivalent parts without departing s 
from the scope 6[ the invention. The explanations given 
above with reference to the first embodiment of the method 
of the invention are naturally valid in respect of the second 
embodiment: thus handing off from the first beam to the 
second may be progressive or global. lO 

There is claimed: 

1. A communication system* comprising: 

low orbiting satellites free of int^satellite links, including 
a first and a second satellite; 

a plurality of coonectioD stations, each of which defines a 
respective fixed cell, and each of which provides a 
tenestiial conuumications network interface; 

a plurality of terminals, including (1) active terminals 
involved in a call, and (2) terminals on standby; and ^ 

signal processing units, contained respectively in each of 
said satellites, in each of said plurality of terminals, and 
in each of said plurality of connection stations; 

whacin a respective position of each of said first and said 
second satellite is known at each of said plurality of 25 
said connection stations from respective satellite eph- 
emerides of said first and said second satellite; 

wherein each of said {durality of terminals in a respective 
fixed cell comnumicates with a conesponding one of 
said plurality of coimection stations via a respective ^ 
satellite-terminal link with said first satellite, and fur- 
ther via a corresponding respective satellite-connection 
station link between said first satellite and said corre- 
sponding one of said plurality of connection stations; 

wherein each said respective satellite-terminal link and 
each said corresponding respective satellite-connection 
station link define a respective pair of links; and 

wherein said respective pair of links is handed off simul- 
taneously and in real time from said first satellite to said ^ 
second satellite after a handing-off decision by said 
corresponding one of said plurality of connection sta- 
tions. 

Z The system as set forth in claim 1. wherein: 

said handing-off decision uses predetermined constraints 45 
and said ephemerides to ensure that synchronization 
time-delay, Doppler shift and carrier frequency do not 
deteriorate beyond minimum performance limitations 
of said signal processor units; and 

wherein said predetermined constraints take into account so 
a degree of uncertainty as to a position of each of said 
plurality of terminals in said respective fixed cell 
relative to said corresponding one of said plurality of 
connection stations. 

3. The communications system as set forth in claim 2, 55 
wherein: 

said handing-off decision is a single decision, is effected 
for all of said plurality of terminals in said respective 
fixed cdL and causes said respective pair of links for 



every one of said plurality of tenninals in said respec- 
tive fixed cell to be handed off. 

4. The communications system as set forth in claim Z 
wherein: 

said handiqg-off decision is given effect for each respec- 
tive pafr of links according to die following rules: 
for each of said terminals on standby in said respective 
fixed cell, said handing-off decision causes all new 
terminal calls to be placed through said second 
satellite; and 

for each of said active terminals in said respective fixed 
cell, said handing-off decision is effected during said 
call when a quality of service of said call deteriorates 
to a pred^ennined tiireshold. 

5. The communications system as set forth in claim 3, 
wherein: 

each of said low orbiting satellites furtho* comprises a 
multibeam anterma having a first and a second beam; 

whacin said respective pair of links is handed off sinul- 
taneously and in real time firom said first beam to .said 
secorid beam after a corresponding decision to hand off 
which is made by said corresponding one of said 
plurality of connection stations. 

6. The system as set forth in claim 5. wherein: 

said corresponding decision to hand off uses said prede- 
termined constraints and said ephemerides to ensure 
that synchronization time-delay, Doppler shift, and 
carrier frequency do not deteriorate beyond said mini- 
mum performance limitations of said signal processor 
units; and 

wherein said predetermined constraints take into account 
said degree of uncertainty as to said position of each of 
said plurality of terminals in said respective fixed cell 
relative to said corresponding one of said plurality of 
connection stations. 

7. The communications system as set fortii in claim 6, 
wherein: 

said conesponding decision to hand off is a single 
decision, is effected for all of said plurality of tenninals 
in said respective fixed celL and causes said respective 
pair of links for every one of said plurality of termmals 
in said respective fixed cell to be handed off from said 
first beam to said second beam. 

8. The communications system as set forth in claim 6, 
wherein: 

said corresponding decision to hand off is given effect for 
each said respective pair of links according to tiie 
following rules: 

for each of said terminals on standby in said respective 
fixed celL said handing-off decision causes all new 
terminal calls to be placed tiirough said second 
satellite beam; and 

for each of said active terminals in said respective fixed 
cell, said handing-off dedsion is effected during said 
call when said quality of service of said call dete- 
riorates to said predetermined threshold. 



09/07/2004, EAST 



Version: 1.4.1 



